Phytochemical investigation of the aerial parts of the monotypic plant, Musella lasiocarpa, led to the isolation of four rare bicyclic diarylheptanoids, musellarins BE (25), two new phenylphenalenones, 2-methoxy-9-(3′,4′-dihydroxyphenyl)-1Hphenalen-1-one (9), 2-methoxy-9-(3′-methoxy-4′-hydroxyphenyl)-1H-phenalen-1-one (10), a new acenaphtylene derivative, trans-(1S,2S)-3-(4′-methoxyphenyl)-acenaphthene-1,2-diol (13), and two new sucrose esters, 1,2′,3′,4′,6′-O-pentaacetyl-3-O-trans-pcoumaroylsucrose (16), 1,2′,3′,4′,6′-O-pentaacetyl-3-O-cis-p-coumaroylsucrose (17), together with nine known compounds. In addition, (4E,6E)-1-(3′,4′-dihydroxyphenyl)-7-(4′′-hydroxyphenyl)-hepta-4,6-dien-3-one (15) was isolated for the first time from a natural source. The structures of new compounds were elucidated by analysis of their spectroscopic data. Compounds 2, 6, 810, 12, and 14 were cytotoxic toward several of the human tumor cell lines (HL-60, SMMC-7721, A-549, MCF-7, and SW480). Of these, the new compound 9 was the most potent one, with IC 50 values of 5.8, 10.3, 6.3, 3.3, and 2.3 µM, respectively.
Introduction
Musella lasiocarpa (Musaceae) is a monotypic species, which is distributed in the conifer-oak mixed forests at 1500-2500 m and endemic to the area from the middle to the west of Yunnan Province in China. 1 Due to its strongly yellow-colored spherical flowers, the plant was used as an ornamental in some Asian countries. Moreover, M. lasiocarpa has been used as a folk remedy for treatment of some gynaecological diseases, such as metrorrhagia and leucorrhoea, bleeding, enteritis, constipation, monkshood (Aconitum spp.) poisoning, drunkenness, etc. 1, 2 Previous studies on this plant have resulted in the isolation of four phenylphenalenones, 3 the characteristic compounds of the family Musaceae, an amide, 4 a lactone, 4 and several other compounds. 5 In addition, several of the compounds exhibited antibacteria and cytotoxic activities. 3, 4 In the course of our systematic search for bioactive compounds from the monotypic species endemic in China, 6 four rare bicyclic diarylheptanoids (25), two new phenylphenalenones (9 and 10), a new acenaphtylene derivative (13) , and two new sucrose esters (16 and 17) , together with nine known compounds were isolated from the title plant. Except for 13, 16, and 17, the other compounds were evaluated for cytotoxicity against five human tumor cell lines (HL-60, SMMC-7721, A-549, MCF-7, 
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*To whom correspondence should be addressed. E-mail: qinshizhao@mail.kib.ac.cn. and SW480). Herein, we report the isolation, structural elucidation, and cytotoxicity of the compounds obtained in this investigation.
Results and Discussion
Compound 2 was isolated as a white, amorphous powder. The molecular formula C 21 Figure 1 ). The HMBC correlations from H-3 at δ H 5.05 (1H, br s) to C-4a (δ C 68.1, d), C-2′ (δ C 112.1, d), and C-6′ (δ C 121.3, d) suggested the presence of a tetrahydropyran unit bearing an aromatic ring connected to C-3. Furthermore, in the HMBC spectrum the correlations from H-7 at δ H 6.54 (1H, s) to C-6 (δ C 26.2, t), and H-10 at δ H 6.89 (1H, s) to C-10b (δ C 37.5, d) indicated the existence of a 1,2,3,4tetrahydronaphthalene group. The two methoxy groups were located at C-9 and C-3′ as evidenced by the HMBC correlations of OCH 3 /C-9 and OCH 3 /C-3′, and the ROESY correlations of OCH 3 /H-10 and OCH 3 /H-2′.
The relative configuration of compound 2 was determined on the basis of a ROESY experiment ( Figure 1 ). The ROESY correlations of H-4a/H-10b, H-4a/H-2′ and H-6′, H-4a/H-6α, and H-10b/H-5α, indicated that these protons were cofacial and assigned as α-oriented. 7 In consequence, the ROESY cross-peak of H-3/H-5β demonstrated that they were β-oriented. Thus, compound 2 was elucidated as rel-(3S,4aR,10bR)-3-(3′-methoxy-4′-hydroxyphenyl)-8-hydroxy-9 -methoxy-4a,5,6,10b-tetrahydro-3H-naphtho [ O 5 ] and their NMR spectroscopic data (Tables 1 and 2) indicated that their structures were closely related to 2. Compared to 2, one apparent change in 3 was the different position of the methoxy group at the 1,3,4trisubstituted aromatic ring. The strong cross-peaks in the HMBC (OCH 3 -4′/C-4′ and H-6′/C-4′) and ROESY (OCH 3 -4′/H-5′) spectra of 3 indicated that the methoxy group was placed at C-4′. The difference between 4 and 2 was the relative configuration of H-4a, which was determined by the ROESY correlation of H-4a/H-3 in 4. Therefore, compound 3 was identified as rel-(3S,4aR,10bR)-3-(3′-hydroxy-4′methoxyphenyl)-8-hydroxy-9-methoxy-4a,5,6,10b-tetrahydro-3H-naphtho[2,1-b]pyran, and named as musellarin C, while the structure rel-(3S,4aS,10bR)-3-(3′-methoxy-4′hydroxyphenyl)-8-hydroxy-9-methoxy-4a,5,6,10b-tetrahydro-3H-naphtho[2,1-b]pyran was proposed for musellarin D (4). of 4 in which the methoxy group at C-3′ was replaced by a hydrogen. Detailed analysis of 2D NMR spectra indicated that the other parts of 5 were the same as those of 4. Thus, compound 5 was determined as rel-(3S,4aS,10bR)-3-(4′hydroxyphenyl)-8-hydroxy-9-methoxy-4a,5,6,10b-tetrahydro-3H-naphtho[2,1-b]pyran, and named as musellarin E. The HREIMS of compound 9 showed a protonated molecular ion at m/z 318.0883 [M] + , corresponding to molecular formula C 20 H 14 O 4 with 14 degrees of unsaturation. Analysis of the 1 H NMR spectrum (Table 3) indicated the existence of a 2,4-or 2,9-substituted phenalen-1-one, a 1,3,4-trisubstituted benzene, and a methoxy moieties, which suggested that 9 was a phenylphenalen-1-one derivative substituted at C-4 or C-9 with a 1,3,4-trisubstituted aromatic ring. Moreover, in the mass spectrum, 9 exhibited higher intensity of the [M − H] + ion at m/z 317 than that of the [M] + ion at m/z 318 (Supporting Information), supporting that the side chain was located at C-9. 8 This conclusion was also supported by the cross peak (H-3/H-4) in ROESY spectrum. The correlations of -OCH 3 /C-2 in HMBC spectrum and -OCH 3 /H-3 in ROESY spectrum suggested the methoxy group was connected to C-2. Thus, comp ound 9 was established as 2-methoxy-9-(3′,4′dihydroxyphenyl)-1H-phenalen-1-one. Compound 10 had an [M] + peak at m/z 332.1046 (C 21 H 16 O 4 ), 14 mass units higher than that of 9. Analysis of its 1D NMR spectra ( Table 3 ) indicated that 10 was a structural analogue of 9, the only difference in 10 being the replacement of the hydroxyl group at C-3′ with a methoxy group. This was determined by the correlation of -OCH 3 /H-2′ in ROESY spectrum. Therefore, compound 10 was established as 2-methoxy-9-(3′methoxy-4′-hydroxyphenyl)-1H-phenalen-1-one.
Compound 13 had the molecular formula C 19 (Table 3 ) exhibited nine aromatic protons corresponding to three systems (AMX, AB, and A 2 B 2 system) of three benzene rings. The 13 C NMR spectrum showed 19 signals, including 16 aromatic carbons, a methoxy group at δ C 55.8, and two oxygenated carbons at δ C 84.0 and 83.1. The above data were very similar to those of 3phenyl-1,2-dihydroacenaphtylen-1,2-diol. 9 Analysis of the 1D NMR spectra of the two compounds revealed that marked differences were the trans configuration of H-1 and H-2 as well as one more methoxy group located at C-4′ in 13. These were confirmed by the small coupling constant (J = 0 Hz) of H-1 and H-2, 9, 10 and the HMBC correlation of δ H 3.86 (s, OCH 3 -4′) with δ C 160.6 (s, C-4′). Due to the small amounts obtained (1.0 mg), the absolute configuration of 13 could not be determined through the method of exiton-coupled circular dichroism (ECCD). 11 12 suggesting that the absolute configuration of 13 should be (1S,2S). Thus, compound 13 was deduced as trans-(1S,2S)-3-(4′methoxyphenyl)-acenaphthene-1,2-diol.
Compound 16 was obtained as a colorless, amorphous powder. Its molecular formula was determined to be C 31 H 38 O 18 by HRESIMS. The UV and IR spectra showed absorption bands for hydroxyl, α,β-unsaturated carbonyl ester, and aromatic ring functionalities. The 1 H NMR ( Table 4) 
O-pentaacetyl-3-O-cis-p-coumaroylsucrose.
Hitherto, except for musellarins BE (25), only two bicyclic diarylheptanoids were isolated from the natural kingdom, whose names were rel- (3S,4aR,10bR )-3-(4′-hydroxyphenyl)-8hydroxy-9-methoxy-4a,5,6,10b-tetrahydro-3H-naphtho [2,1b] pyran (1, musellarin A), 7 and 3-(4′-hydroxyphenyl)-4a,5,6,10b-tetrahydro-1H-naphtho[2,1-b]pyran-1-one. 14 In addition, compound 13 was the second acenaphtylene derivative isolated from plants.
The known compounds were identified by comparison of their spectroscopic data with published values, as rel-(3S,4aR,10bR)-3-(4′-hydroxyphenyl)-8-hydroxy-9-methoxy-4a, 5,6,10b-tetrahydro-3H-naphtho[2,1-b]pyran (1, musellarin A), 7 2-hydroxy-9-(4′-hydroxyphenyl)-1H-phenalen-1-one (6, hydroxyanigorufone), 15 2-methoxy-9-(4′-hydroxyphenyl)-1Hphenalen-1-one (7), 8 2-hydroxy-9-(3′,4′-dihydroxyphenyl)-1Hphenalen-1-one (8, dihydroxyanigorufone), 15 2-hydroxy-4-(3′,4′-dihydroxyphenyl)-1H-phenalen-1-one (11), 16 2-hydroxy-4-(4′-methoxyphenyl)-1H-phenalen-1-one (12), 17 (4E,6E)-1,7bis(4-hydroxyphenyl)-hepta-4,6-dien-3-one (14), 18 (4E,6E)-1-(3′,4′-dihydroxyphenyl)-7-(4′′-hydroxyphenyl)-hepta-4,6-dien- 16 17 3-one (15), 19 and 2-(4′-hydroxyphenyl)-1,8-naphthalic anhydride. 20 Previously, a number of phenylphenalenones with moderate cytotoxic effects against P388 murine leukemia cell line were reported from Haemodorum simplex. 21 In this study, except for 13, 16, and 17, the other compounds were evaluated for cytotoxicity against five human tumor cell lines (HL-60, SMMC-7721, A-549, MCF-7, and SW480) using the MTT method. 22 Cisplation was used as the positive control. Of these com- pounds, 2, 6, 810, 12, and 14 were found to be active principles, and their cytotoxic activities were summarized in Table 5 . The new compound 9 was the most cytotoxic against all of the five cell lines, with IC 50 values of 5.8, 10.3, 6.3, 3.3, and 2.3 µM, respectively.
Experimental Section
General Experimental Procedures. Optical rotations were measured on a JASCO-20C digital polarimeter. IR spectra were obtained on a Tensor 27 spectrometer with KBr pellets. UV spectra were recorded using a Shimadzu UV-2401A spectrophotometer. 1D and 2D NMR spectra were performed on a Bruker AM-400, DRX-500 or AV III-600 spectrometers with TMS as an internal standard. Mass spectra were obtained on a VG Auto Spec-3000 or API-Qstar-Pulsar instrument. For sucrose, the ESIMS was taken on a Bruker Esquire HCT 3D ion trap mass spectrometer (ESI mode). Semipreparative HPLC was performed on an Agilent 1100 liquid chromatography with a Zorbax SB-C18 (9. 
